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posed frequencies and would thus be a good compromise. 
In consequence a 12-pole, 25-cycle machiine was worked 

up by the Westinghouse company and eventually this 

frequency was adopted for the Niagara generators. 
Afterwards, while these generators were being con
l!Itructed, it was brought out pretty strongly that the 
great advantage of this frequency would be in connec
tion with synchronous converter operation, but that it 
was also extremely well adapted for slow-speed engine 
type generators, which were then coming into use. In 

consequence of the prominence given this frequency it 
was soon adopted as a stand'ard low frequency, espe

cially in those plants where synchronous converters 
were expected to form 'a prominent part of the system. 

However, while 60 and 25 cycles came into use, as 

described above, it must be recognized tha t  they had 

competitors. For instance, 66% cycles (8,000 alter
nations or one-half of 16,000) was used to a consider
able extent by one of the manufacturing companies. 

Also 50 cycles came into use in certain plants and, to II. 
certain extent, is still retained , but has become the 

standard high frequency of Europe. Instead of 25 
cyoles , the Wesmnghouse company advocated 30 cycles 
for some of its plants , largely because with the 25 per 

cent. higher speeds permissible with such frequencies. 

the capacities of induction motors could be correspond

ingly increased and also incandescent lighting was more 
satisfactory. However, it  was soon recognized that the 

66% and 30 cycle varia1Jions from the two leading fre
quencies of 60 and 25 cycles were hardly worth while, 

and they were gradually dropped, except in plants 

already installed. A brief attempt was made at a 

somewhat later periotl to place 40 cycles upon the mar
ket as a substitute for both 25 and 60 cycles. This was 

done under the impression that 40 cycles would give 

a universal system for nrc and incandescent Hghting. 

transmission, induction motors, synchronous converters 

and about everything else. This frequency possessed 

many merits and it was thought, at one time, that it 

might win out, but apparently the other two frequencies 
were too well established, and the 4O-cycle system 

eventually lost ground. 
The problem of the frequencies finally narrowed 

down to the two standards, and these two were accepted 

because it was thought that they covered such entirely 

different fields of service that neither of them could 

ever expect to cover the whole. In other words, two 

standards were required to cover the whole range of 
service. It was recognized that 25 cycles would not 

take care of alternating-current arc lighting and that 
it was questionable for incandescent lighting in geneI'll! .  
In other ways, such a s  suitability for engine-type con

struction, application to induction motors and synchro

nous converters and transmission of power to long dis

tances, it met the needs of nn ideal system, as then 

understood. Also in parallel operations of engine-type 

alternators, which was one of the serious problems 0'" 
thoRe days, the 25-cycle machines were unquestionably 
superior to the 60-cycle ones , due to the lesser displace

ment of the e. m. f. waves with respect to each other 

with a given angular 'V'ariation in the engine speeds. 
However, although the 25-cycle system presented so 

many advantages, it could n ot take care of the lighting 

business, 'and, therefore, could not entirely dominate 

the situation. 

As regards 60 cycles, it was felt that this could handle 
the ddrect lighting situation in a very satisfactory man
ner and was possibly better suited for transformer>: 

tha n  25 cycles, although there were differences of 
opinion in this matter, especi'ally when it came to the 

larger capacities. It was reasonably well adapted for 

induction motors in general, but not for very low speeds. 

In matters of transmission and in the operation 01' 
synchronous converters it was thought to be vitally 

defecmve. 
From the above consideration it would appear that 

the 25-cycle systems presented the stronger showing as 

a whole and, therefore, there was a decided tendency 
toward this frequency, except in those cases where 
lighting directly from the alternating-current system 

was considered of prime importance. In those systems, 
such as many of the Edison companies, ·where low-volt
age three-wire direct current was' used from synchro
nous converters, the tendency was almost solidly toward 
the 25-cycle system. In those days the central station, 

which had gotten itself committed to the 60-cycle system 

so deeply that it  could not change, was looked UpOll 
with commiseration. Sixty-cycle plants were looked 
upon, to a certain extent, as a necessary evil. In fact, 
so strong was the tendency toward 25 cycles that in 

many cases 25-cycle plants were installed for industrial 

purposes, where 60 cycles would have been better. The 

25-c�le synchronous converter development advanced 

by leaps and bounds and the machines were so good 

in their operation that it was believed th'Rt 6O-cycle 

converters could never be really competitive with them. 

On the other hand, in: those large plants, which were 

so "unfortunate" as to have 60 cycles installed, many 
apparent makeshifts were adopted to meet the various 
service requirements. In arc lighting, incandescent 

lighting, transformers and motors there was no need 

for makeshifts. However, in conversion to direct cur
rent, one of the greatest difficulties appeared. There 
were many who advocated motor-generators for this 
purpose, largely because the 60-cycle converter was 
thought to be impracticable, in spite of the fact that 
the manufacturing companies were putting them on the 

market. The 60-cycle converter at that time bore a 
bad name. It is now recognized that many of the 
faults of the early 6O-cycle synchronous converter oper
ation were not in the converters themselves, but were, 
to a considerable extent , in the associateS.· apparatus. 

Low-speed engine-type, 60-cycle generators were not 

always adapted for operation o·f synchronous converters . 
In fact, in numerous cases such generators would not 
operate in 'an entirely satisfactory manner in parallel 

with each other, and yet when it was attempted to 
operate synchronous converters from these same gener
ators the unsatisfactory results were not blamed upon 
the generating system but upon defects of the con
verters themselves. Unfortunately, defects in the 

gen!)l'ating and transmission systems usually a,ppeared 

in
' 

the conv�rters as sparking and flashing, and such 

troubles naturally would be credited to defects in the 
construction of the converters themselves. In fact , ill 
those days, 60-cycle converters were expected to do 
things which now are considered as absurd. For 

insta nce, in one case in the writer's  knowledge a GO
cycle synchronous converter was criticized as being a 
very badly designed piece of apparatus, due to serious 
flashing "at times. Investigation developed that this 
converter wa's expected to operate on either one oil two 

independent 6O-cycle systems with no rigid fr�queney 
relation to each other. The converter in service was 
thrown from one system to the other indiscriminately, 

and sometimes it flashed in the transfer and sometime� 
it did not . The machine was considered to be "no 
good" because it would not nlways stand such swlitching. 

At one time the writer stood almost alone in his 
belief that the 60-cycle synchronous converter presentpd 
commercial possibilities sufficient to make it a strong 

future contender with the 25-cycle machine, provided 

proper supply conditions were furnished and certain 

difficulties in the proportions of the converter itself 
were overcome. One basis for this contention was that 
in some of the 6O-cycle plants, where the generator rota

tion w'as quite uniform, the converters were evidently 

much superior in their operation to other plants, using 
S'low-speed engine-type generators with considerable 

periodic variations. In such plants the hunmng tendency 

of the converters was very greatly reduced, with con!!e
quent improvement in sparking and general operation . 
It was early recognized that hunting was a very harm
ful condition , both in 60 and 25-cycle synchronous con
verters, but whereas it was a relatively rare condition 

in 25-cycle plants it wns much more common w1ith 60 
cycles. However, the operating public was not particu
larly concerned whether the trouble was in the gener
ating plant or in the converters themselves, as long a � 

such trouble existed and was not overcome. Very early 

in the synchronous converters development it was found 
that hunting would produce sparking or flashing at the 

commutators of the converters. However, even in those 
plants where there was no hunting apparent., there was 

difficulty at times due to flashing, especially wdth sudden 
change of load, which resulted in temporary increase 
in the doc. voltage. This was a difficulty which was 

inherent in the converter itself and could not be blamed 
entirely upon the generating or transmitting conditions, 
for 25-cycle machines were practically frce from this 
trouble under similar conditions of operetion. Investi
gation developed the fact that this flashing trouble was 
due largely to unduly high value of the maximum volts 
between commutator bars. This difficulty was recog
nized long before it was overcome, simply booausn 

certain physical limitamons in construction had to be 
removed. There were two ways in which the maximum 
volts per bar could be reduced, namely, by increasing 
the number of commutator bars per pole and by decreas · 
ing the ratio of the maximum volts to the average volts 
per bar, that is, by increasing the ra'tio of the pole width 
to the pole pitch, but both of these involved structural 
limitations in the allowable peripheral speeds of th!l 

commutator and the armature core. Here is where a 

little elementary mathematics comes in. The peripheral 
speed of the commutator is directly proportional to the 
distance between adjacent neutral points on the com
mutator, and the frequency. Therefore , with a given 

frequency the distance between the adjacent neutrel 
points is directly proportional to the peripheral speed . 

Thus, a commutator speed of 4,500 feet per minute 
which was then considered an upper limit, the distance 
between adjacent neutral points on a 6O-cycle converter 
is only 7% inches ( 19 cm. ) .  This distance is thus fixed 
mnthematically and is independent of the number of 
poles or revolutions per minute, or anything else, except 
the peripheral speed and the frequency. With this 

distance of 7% inches ( 19 cm. ) ,  about the only choice 
in commutator bars per pole was 36, giV"ing an averagE! 
of 16% volts per bar on a 600-volt machine, and nearly 
20 volts per bar with momentary increase of voltage to 
700, which is not uncommon in railway service. 

aowever, it is not this average voltage which fixes 

the flashing conditions, but it is the maximum voltagE' 

between bars, and this is dependent upon the average 
voltage and upon the ratio of the pole width to the pole 
pitch. Here is where one of the serious difficultie!1 

came in. As mentioned above, the pole pitch is directly 
dependent upon the peripheral speed of the armature 
core and the frequency. Therefore, in a 60-cycle ma
chine, if the peripheral speed is fixed, the pole pitch is 

at once fixed. For example, wdth an armature per
ipheral speed of 7,2.00 feet per minute, which wall 
considered high at the time, the pole pitch becomes 12 
inches ( 30.48 cm. ) ,  regardless of any other considera
tions' 'and here was where a most serious difficulty was 

encountered . If a sufficiently wide neutral zone for 
commutation was allowed the interpolar space becamE' 
so wide that there was not enough left for a good pole 
width. For instance, if the interpolar space was made 
6 inches ( 15.24 cm. ) wide, in order to give a sufficiently 
wide commutating zone to prevent sparking or flashing , 
due to fringing of the main fleld" then this left only r 
inches for the pole face. With this relatively narrow 
pole f.ace the ramo of the maximum volts to the average 

volts was so high that with the 36 commutator bars 
per pole the machine was sensitive to arcing between 
commutator bars, thus resulting in flashing. By widen

ing the pole face this difficulty would be lessened OJ' 
overcome, but with the fixed pole pitch of 12 inche. 
( 30.48 cm. ) the neutral zone would be so narrowed a� 
to make the machine sensitive to sparking and flashing 
at the brushes. Thus, no matter which way we turned 

we encountered troubl e. Obviously there were two 
directions of improvement, namely, by increasing the 

number of commut'ator bars, thus reducing the average 

voltage, and by increasing the pole pitch, thus allowing 

relatively wider poles with a given interpolar space. 
.These two conditions look simple and easy, but it took 
several years of experience to attain them. When we 

have reached apparent physical limitations in a given 
construction, especially when such limitamons are based 
upon long experience, we have to feel our way quite 
slowly toward higher limitations. For instance, in thE! 
case of the 6O-cycle converters we could not boldly 

jump our peripheral speeds 20 to 25 per cent. higher 

and simply assume that everything was all right. We 

first had to build apparatus and try it out for a year 

or so. Troubles, due to peripheral speed, do not always 
become apparent at once, and thus mme tests are neces· 
sary. Therefore, while the peripheral speeds of the 60-
cycle synchronous converters were actually increased 
20 to 25 per cent. practically in one jump, yet it took 

two or three years of experimentation and endurance 

tests before the manufacturers felt sure enough to 

adopt the higher speeds on a broad commercial scale. 

Thus, while the change from the older more sensitive 
type of 6O-cycle converter to the later type occurred 
commercially within a comparatively short period, yet 
the actual development covered a much longer period. 

[T O  B E  C O N TINUED] 

Birds Used in Falconry 
AN exhibit of birds used in falconry, in the American 

Museum, is attracting the attention of those interested 
in medh>val practices. The birds in the exhibit range 
from the small hobby falcon, used by the young squires 
in the pursuit of small game to the large goldeneagle, 
capable of carrying away a small mountain goat. The 
taming and training of birds of prey for sport was prac
tised in China as early as 400 B. C . ,  and although it was 
not introduced into Europe until much later, it had 
become the usual custom in western Europe and England 
by the end of the ninth century In the language of 
falconry the term " falc(ln " was applied only to the 
females ; the males, which were about one third smaller, 
being called " tiercels ."  In Shakespeare's time everyone 
who could afford to do so kept a hawk, and the rank of 
the owner was indicated by the species of bird be carried. 
To a king belonged the gerfalcon ; to a prince, the falcon 
gentle ; to  an earl, the peregrine ; to a lady, the merlin ; to 
a young s quire, the hobby.-The Amer . Museum Journal. 
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